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Objective: To identify the best cardiac phase in different patient’s heart rate on 16-slice coronary CT angiography.
Material and Method: The patients who had undergone coronary CT angiography with 16 multi-detector
rows CT at Siriraj Hospital between September 2003 and August 2004. For each patient, the image recon-
struction based on relative timing was performed placed at center of 35% to 85% of the R-R interval with step
increments 10%. The authors created six data sets (35%, 45%, 55%, 65%, 75%, and 85% of R-R interval)
throughout the cardiac cycle. The coronary arteries were reviewed based on cross-sectional images and
reformat images. The authors inspected all data sets and selected the cardiac phase that contained the best
image quality for each coronary artery.

Results: Five hundred sixty four vessels were evaluated in the 141 patients (83 men, 58 women). The mean
patient age was 63.3 + 16.7 years (range 4-89 years). Mean patient heart rate was 65.7 + 16.5 beats per
minute (bpm), range 46-104 bpm. The most coronary arteries were well demonstrated at center of 75% of R-R
interval (66.8%). Ninety-eight patients (69.5%) required one phase that provided best overall image quality
and motion free delineation for four coronary arteries. Forty-three patients (30.5%) required combination of
data from each phase to achieve motion free images.

Conclusion: The best cardiac phase of evaluate coronary artery in 16 slices coronary CT angiography in the
patient’s heart rate below 70 bpm is 75% of cardiac cycle (mid to late diastole). In patients with a heart rate
71-80 bpm, the authors required a combination of images from 45% and 75% of cardiac cycle to completely
evaluate all coronary arteries. In patients with a heart rate above 80 bpm, 45% of cardiac cycle (end-systole)
is the best phase.
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Coronary artery disease (CAD) remains the
leading cause of death in the world®. Conventional
coronary angiography is still the gold standard used
in the detection and diagnosis of coronary artery
disease. The greatest advantage of conventional
coronary angiography is high spatial resolution and
the preoperative planning for interventions such as
ballooning dilatation or coronary stent placement.
However, only one-third of all conventional coronary
angiographic examinations in the United States are
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performed in conjunction with an intervention proce-
dure, while the rest are performed only for diagnosis
purposes, that is only for verification of the presence
and degree of CAD.

Conventional coronary angiography is
invasive in nature and as a result, in recent years, a
number of noninvasive modalities have found wide
applications in the field of cardiac imaging. Most works
have used magnetic resonance (MR) imaging and
retrospectively gated multi-detector computed tomo-
graphy (MDCT). However, imaging of the heart has
always been technically challenging because of the
continuous motion of the heart. Computed tomography
(CT) imaging of the heart moves into the diagnostic
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realm with the introduction of multi-detector CT
and with the development of electrocardiography
(EKG)-synchronized scanning and reconstruction
technique™®®. These modalities permit fast volume
coverage and high spatial and temporal resolution. A
recent study revealed that the best phase for evaluated
coronary artery in patients with a heart rate below 65
beat per min is 75% of R-R interval and in patient with
heart rate above 65 beat per min is 45% of R-R interval.
The previous study also showed that the best phase is
different in each coronary artery. Sixteen slices of CT
coronary angiograms were reconstructed such that
images of coronary arteries could be examined at
various phases of R-R interval from 35%, at steps of
10% to 85% and where the R-R interval will vary
depending on the heart rate of each subject. The aim
was to determine the phase and the accompanying
heart rate at which the quality of the image is cleanest
and hence a high confidence in reading.

Material and Method
Patients

CT coronary arteries of one hundred and fifty
patients who underwent CT coronary artery for any
clinical reasons at Siriraj Hospital from September 2003
to August 2004 were retrospectively reviewed. Nine
CT coronary arteries with arrhythmia, defined as
difference between minimum and maximum heart rate
more than 15 beats per minute, were excluded. This
was a retrospective study.

Scan protocol

All CT examinations were performed with 16
slices multi-detector row CT scanner (Lightspeed CT;
GE medical systems). The following scanning protocol
was used: 16 x 0.625 mm collimation (simultaneous
acquisition of sixteen 0.625 mm-thick sections per
rotation); automatically adjusted heart rate according
to heart rate; 500 msec rotation time; 120 kV and 440
mA,; To calculate the scanning delay, a test bolus 20 mi
of contrast material at flow rate 4 ml per second. The
arrival time at ascending aorta was calculated by
measuring peak CT attenuation at ascending aorta
plus 2 seconds. The contrast injection was 120 ml
bolus of nonionic contrast material (350-370 mg of
iodine per milliliter) by a single syringe power injector.
The ECG monitoring was simultaneously triggered with
CT scan.

For images reconstruction using retrospec-
tive EKG gating and the 240° multi-slice cardiac inter-
polation algorithm, the authors reconstructed cross-
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section images with a slice thickness of 0.625 mm and
0.625 mm interval. The field of view was 15-20 cm with
an image matrix of 512 x 512 pixels. For each patient, the
image reconstruction based on relative timing was
performed with the first reconstruction interval being
placed at the center of 35%of the R-R interval and the
last reconstruction interval being placed at the center
of 85% of the R-R interval. Image reconstruction inter-
vals were placed in step increment of 10%. Therefore,
the authors created six data sets (35%, 45%, 55%, 65%,
75%, and 85% of R-R interval) throughout the cardiac
cycle (Fig. 1). The image data from each of these recon-
structions were transferred to a computer workstation
(advantage workstation; GE medical system).

Images analysis

The best image was determined subjectively
and resulted from an agreement of the two observers (2
and 4 years experience with coronary CT angiography)
who were unaware of the clinical condition. The length
of vessel that was acceptable was not stated at each of
the four sites (LM, LAD, LCX, and RCA). The final
decision was reached by consensus. The coronary
arteries were reviewed based on cross-sectional images
and reformat images. The authors inspected all data
sets and selected the data set that contained the best
image quality for each coronary artery.

The best image quality was attributed to the
vessels appearing as bright circular or oval areas
surrounded by low-attenuation fat tissue, present
discrete blurring of the vessel margin and had least
motion artifact (discrete tail or streak-emitting shadows).

Results are documented separately for the
major epicardial arteries according to American Heart
Association guidelines®: left main artery (LM), left
anterior descending artery (LAD), left circumflex artery
(LCX), and right coronary artery (RCA).

Results

Five hundred sixty four vessels (LM, LAD,
LCX and RCA) were evaluated in the 141 patients (83
men, 58 women). The mean patient age was 63.3 + 16.7
years (range 4-89 years). Mean patient heart rate was
65.7 + 16.5 beats per minute (bpm), range 46-104 bpm.
The patients were divided into four groups. Fifty-one
(36.2%) patients had a heart rate below 60 bpm (group 1).
Thirty-nine patients (27.7%) had a heart rate between
61 to 70 bpm (group 2). Twenty-three patients (16.3%)
had a heart rate between 71 to 80 bpm (group 3) and
twenty-eight patients (19.8%) had a heart rate above
80 bpm (group 4) (Table 1).
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Fig. 1

The most of the coronary arteries (66.8%)
(377/564 arteries) were well demonstrated at 75% of
cardiac cycle. The second best image quality was at
45% of cardiac cycle for 22.5% (127/564 arteries). The
remaining cardiac cycles were well demonstrated in
only 10.7% of all coronary arteries (2.7% on 35% of
cardiac cycle, 3.9% on 55% of cardiac cycle, 1.4% on
65% of cardiac cycle and 2.7% on 85% of cardiac
cycle).

Table 1. The characteristics of patients imaged with 16
slices coronary CT angiography

No. of patients 141

Age (years) 63.3 +16.7
Male-to-female ratio 83:58
Average heart rate (beats/min) 65.7 + 16.5
No. of group 1 patient (< 60 bpm) 51 (36.2%)
No. of group 2 patient (61-70 bpm) 39 (27.7%)
No. of group 3 patient (71-80 bpm) 23 (16.3%)
No. of group 4 patient (> 81 bpm) 28 (19.8%)
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Image quality in different phases of coronary CT angiography (35%, 45%, 55%, 65%, 75%, 85% of R-R interval).
The 3D volume rendering of patient undergone coronary CT angiography below 60 bpm of heart rates demonstrates
the best and worse image quality of LAD at 75% and 45% of R-R interval (arrow), respectively

For all coronary analysis, the best image
quality in group 1 and 2 were at 75% of cardiac cycle.
Group 3 was also at 75% of cardiac cycle, which was
slightly better than at 45% of cardiac cycle. Finally, in
group 4, the best image quality was at 45% of cardiac
cycle.

For the left main coronary artery, the best
image quality in group 1, 2 and 3 were at 75% of cardiac
cycle. For group 4, it was at 45% of cardiac cycle.

For the left anterior descending artery, the
best image quality in group 1, 2 and 3 was at 75% of
cardiac cycle. For group 4, it was at 45% of cardiac
cycle.

For the left circumflex artery, the best image
quality in group 1, 2 and 3 were at 75% of cardiac cycle.
For group 4, it was at 45% of cardiac cycle.

For the right coronary, the best image quality
in group 1 and 2, were at 75% of cardiac cycle. For
group 3 and 4, there were at 45% of cardiac cycle.

Ninety-eight patients (69.5%) required one
phase that provided best overall image quality and
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motion free delineation for four coronary arteries.
Forty-three patients (30.5%) required a combination
of data from each phase to achieve motion free
images.

Discussion

Five hundred sixty four vessels (LM, LAD,
LCX, and RCA) were evaluated in the 141 patients.
This was done 16-slices coronary CT angiography. The
recent technology with high temporal resolution fre-
quently does not completely eliminate motion artifact
so that required less cardiac movement for coronary
artery evaluation. The mid to late diastole cardiac phase
frequently yielded the best image quality of left main
(LM), left anterior descending (LAD), left circumflex
(LCX), and right coronary artery (RCA).

The present study showed that the heart rate
strongly influenced the best cardiac phase (Table 2, 3).
The best image window in patients with a heart rate
below 60 bpm and 61-70 bpm were usually during 75%
of cardiac cycle (mid to late diastole) about 93.1% (190/
204 arteries) and 79.5% (124/156 arteries), respectively.
In patients with a heart rate of 71-80 bpm there was a
best image quality in two cardiac phases at 45% and
75% of the cardiac cycle about 39.1% (36/92 arteries)
and 44.6% (41/92 arteries), respectively. The result

showed that for a slow heart rate < 70 bpm the phase at
75% of the R-R interval gives the most pleasing image
and for faster heart rate, 45%, of R-R internal is better.
It is strange that 45% and 75% seemed very well
demarcated with very little high quality at 55%, 65%,
and 85%. Because of the shorter duration of diastolic
relaxation in faster heart rate, the best cardiac phase
for visualization of the coronary arteries in patients
with a heart rate more than 80 bpm was more frequently
during 45% of cardiac cycle (end-systole) about 59.8%
(67/112 arteries).

The residual cardiac motion artifacts remain a
major cause of image degradation in multi-detector row
CT coronary artery. Physiological high velocity phase
of cardiac motion are early-mid systole, early-mid dias-
tole (rapid filling of ventricle), and end diastole (atrial
contraction). The two regions of reduced velocity are
end-systole (isovolumic relaxation of the ventricle, at
approximately 50%of cardiac cycle) and mid-diastole
(approximately 80% of cardiac cycle). In previous study,
Achenbach et al ™ studied the coronary artery motion
on transverse electron-beam CT images. They found
that the lowest mean in-plane velocity of the coronary
arterial motion in all three coronaries was found at 48%
of cardiac cycle. While at 80% of the cardiac cycle
(the phase that is usually used in current practice), the

Table 2. Amount of coronary arteries which have best image quality in 141 patients group by each coronary artery

Coronary artery

Cardiac phase with best image quality (No. of coronary arteries)

Total
35% 45% 55% 65% 75% 85%

Right coronary artery 4 39 11 3 78 6 141

Left main 4 30 4 2 98 3 141

Left anterior descending 5 26 5 2 100 3 141

Left circumflex 2 32 2 1 101 3 141

Total 15(2.7%) 127 (22.5%) 22 (3.9%) 8(1.4%) 377 (66.8%) 15 (2.7%) 564
Table 3. Amount of coronary arteries which have best image quality in 141 patient group by heart rate

Heart rate No. of No. of Cardiac phase with best image quality (No. of coronary segment)

(beat/min) patients arteries Total

35% 45% 55% 65% 75% 85%

<60 51 204 3 1 0 4 190 6 204

61-70 39 156 2 23 3 2 124 2 156

71-80 23 92 4 36 7 0 41 4 92

>81 28 112 6 67 12 2 22 3 112

Total 141 564 15 127 22 8 377 15 564
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velocity of the three coronaries was not significantly
greater than at 48% of the cardiac cycle. Asimilar result
has been reported in the study of Hofman et al® and
Hoffmann et al®.

It has been documented and worldwide
accepted that as the heart rate increases, the image
quality will decrease. Giesler et al “* found that as the
heart rate increase, the number of arteries that could be
evaluated decreased, and overall sensitivity for stenosis
detection decreased. Hoffmann et al studied the effect
of heart rate to image quality® and found that the best
image quality was achieved at 80 bpm or below. They
also found that good image quality is achievable at
slow heart rate using a mid-end diastolic phase frame
and shifting to end-systolic frames as heart rate
increases. The same result is shown in the present
study, probably because a faster heart rate leads to a
shorter R wave-to-R wave interval resulting in the
shorter end diastolic portion of the cardiac cycle. Based
on the anatomy, the mid-segment of right coronary
artery and left circumflex artery are located in the
atrio-ventricular groove and therefore, are subjected
to substantial lateral displacement that is caused
by atrial contraction. Therefore, these two arteries
exhibit high velocity and motion artifact. In contrast, a
significant portion of left anterior descending artery
runs along the anterior surface of the left ventricular
wall and is not subjected to sudden motion, and
consequently exhibits lower average velocities and
motion artifact. Achenbach et al” found that the mean
velocity of RCA motion was significantly faster than
that of LAD or LCX. Giesler et al® found that each of
the coronary has a different motion pattern during the
cardiac cycle. As the heart rate increases, images of the
RCA were the most frequently affected image quality
earlier than the LAD or LCX. In comparison to our the
present study, the authors did not measure the velocity
of the coronary artery but shifting of the best phase
from mid-end diastolic phase frame to end-systolic frame
as heart rate increases of RCA was shown as the same
fashion as the LAD and LCX. Most of the best image
quality of RCA in patients whose heart rate 71-80 bpm
is 45% of R-R interval, while the other is 75%. The
explanation by the theory of Achenbacn et al®® showed
that the mean velocity of RCA motion was significantly
faster than LAD or LCX. The variation of the best
position of the image reconstruction window and the
differences between the coronary arteries suggest that
careful selection of the image reconstruction window
are crucial factors to obtaining best image quality and
diagnosis accuracy on MDCT.
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The present study was used to make the deci-
sion of best reconstruction window selection during
scanning according to heart rate in retrospective
reconstruction. In prospective reconstruction, it can
be used for coronary CT angiography that reconstruct
only one cardiac phase during scanning by modulating
mA during heart cycle to achieve dose reductions in
cardiac studies. The present study showed a guideline
for best cardiac phase selection for prospective recon-
struction of coronary artery.

The main limitation of the study is that it is a
retrospective study. The present study divided the
cardiac phase into only six phases. More accurate
evaluation of cardiac would required more cardiac
phases and less percent increment for evaluation. In
addition, the present study did not evaluate the degree
of coronary stenosis.

The authors conclude that the desired physio-
logical phases for evaluate coronary arteries in patients
with a heart rate below 70 bpm is 75% of the cardiac
cycle (mid to late diastole). In patients with a heart rate
of 71-80 bpm, the authors required a combination of
image from 45% and 75% of cardiac cycle to completely
evaluate all coronary arteries. For patients with a heart
rate above 80 bpm, 45% of cardiac cycle (end-systole)
is the best.
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